The paper presents mainly the physical-mechanical properties of the lime-treated Ariake clay with fly ash (LAF), and the utilization as road materials. The effects of quicklime and fly ash on the improvement of the strength of Ariake clay were investigated. Considerable changes in strength of the mixture due to the addition of fly ash were observed which were explained based on the strength mechanism of the LAF mixture. The engineering properties of the LAF mixture were improved due to a certain amount of replacement of lime with fly ash. Results from pavement structure analysis show the mixture can be used as either subgrade or subbase.
INTROCDUION
Ariake clay is a special kind of soft clay deposited around the shore of the Ariake sea in northern Kyushu, Japan.
The geotechnical properties are listed in Table 1 . The natural water content in Ariake clay may be near as high as 200% at most. Its unconfined compressive strength is far less than 0.1MPa, even its water content is less than 100% 1). Therefore, most of Ariake clay could not be used as subgrade directly in pavement engineering. Researches on improvement of Ariake clay has been documented2), 3) and focused on the treatment with lime and cement. Although researches have shown that the strength of the lime-treated Ariake clay (LA) can reach 0.7 MPa or more, a value that is the minimum requirement used as a pavement material4), the amount of such admixtures needed will be so high that problems of high lime-contained clay are raised not only economically but also technically.
On the other hand, fly ash generated from the combustion of coal in power plants and from the burning of municipal solid waste is increasing worldwide. Problems raised from fly ash in terms of land use, pollution of air and water are quite serious, Table 1 Eneineerine properties of Ariake clay in addition to the enormous cost involved. Research on the utilization of fly ash in civil engineering has been available for some years. By being mixed with proper proportion lime, fly ash can be used as a pavement material.5)- 7) In order to examine the feasibility of partial replacement of lime with fly ash in LA, a laboratory investigation of the engineering properties of the mixture of lime-treated Ariake clay with fly ash (LAF) was undertaken at Saga University. The possibility of the replacement of quicklime with fly ash in the LAF mixture was discussed by a comparison and evaluation of the physicalmechanical properties of the LA and LAF mixtures. Finally, CRISP, a FEM Program, was employed to study the behaviors of pavement structure assuming the LAF mixture to be used as either a subbase or a subgrade layer.
EXPERIMENT DETAILS (1) Materials used
Ariake clay has a certain variation in physical and mechanical properties. Ariake clay used in the study was dug from 0.5 2.0 m deep in the ground, in
Ogiogi Gun, Ashikari Machi, Saga prefecture. The physical properties were listed in Table 2 . Here, it is necessary to note that the sand content in the Ariake clay is a little higher than in average Ariake clay, on the contrary, the content of clay is less than in average Ariake clay. This is a normal kind of fly ash. The physical properties were listed in Table  3 and chemical properties listed in Table 4 .
(2) Test program A series of laboratory tests was carried out on Ariake clay to examine the feasibility of using fly ash as alternative admixture for the lime and understand the influence of lime and fly ash on the strength formation in the LA and the LAF mixture as well.
Parallel tests with three samples were conducted to gain data on the relative effect of the two additive materials. A comparative evaluation was conducted mainly on the basis of the following criteria, namely (1) Unconfined compressive strength qu, (2) Deformation Modulus E50 and ratio of E50 to qu, Table 3 Physical properties of fly ash10) Table 4 Chemical properties of fly ash10) Table 5 Experimental program (3) Water reduction, (4) Failure strain, (5) Density.
To ascertain the strength of the mixture, the following laboratory testing was carried out:
(1) The influence of time content on the strength of the LA. The test combinations were referred in Table 5 . All of the mixtures were blended by a mixing machine for 10 minutes uniformly. Samples of both LA and LAF were molded in cylindrical molds with 5 cm in diameter and 10 cm in length by vibrating. The standard of vibrating is to dispel, as much as possible, the air out of the sample. The additive content was defined by the ratio of the mass of the additive to the dry mass of the natural clay, expressed as a percentage. It has been proved that a coarser size fraction from the fly ash will decrease the liquid limit, increase plastic limit and decrease the plastic index of the clay"). That is to say, increasing coarser size in the clay will increase the strength of the clay and vice versa. The reactivity of the fly ash depends on lime content. There is however an optimum lime content for any type of fly ash to reach its maximum reactivity, which has the maximum unconfined compressive strength14). If lime available in the mixture is less than the optimum content, extra fly ash will became free fly ash. On the contrast, if lime available in the mixture is more than needed, free lime is available.
Samples made only from fly ash showed a very limited unconfined compressive strength after 7 days curing in the air, and even less than 1.0 MPa at 28 days9). It has been proved that only when fly ash mixed with a certain amount lime will the mixture show a higher strength8). Both free lime and fly ash particle are also weak in strength.
(4) qu of the LAF mixture Results presented in Fig.4 show that the In this case, the fly ash has finer size fraction than the Ariake clay as shown in Table 1 On the other hand, fly ash itself causes hydration and pozzolanic reactions, which increase the strength of the LAF mixture. (5) Modulus of the LAF mixture, E50 A common index to evaluate the deformation resistant ability of pavement materials is resilient modulus. E50, deformation modulus that can be obtained from unconfined compressive test, is also used in geotechnical engineering in Japan. It is defined as the ratio of the half maximum strength to the strain at the strength. It also indicates the average state of the relationship of stress and strain in the mixture.
Fig . 5 shows the corresponding modulus E50 after 7 days and 28 days curing. Compared with the cases of the LA in which no fly ash was added, E50 of the LAF mixture for cases after 7 days curing change with the addition of fly ash. It will increase as much as 10-20% when the fly ash is properly increased. The increase of the modulus, E50 , in the early age 7 days is meaningful for construction, because a stronger material can provide engineers with a better workability site.
However, E50 , for cases after 28 days curing, decrease when fly ash was added. The maximum decreasing rate was observed for cases when a high lime content is used. It can be as much as 30%.
E50 of a material is important to the behavior of a pavement structure. The stress distribution in a pavement structure is, determined by not only the modulus of every layer but also the ratios of the modulus. The larger the deformation modulus E50 of the material is, the bigger the load induced stress of the material will be12). Therefore, the ratio of E50 /qu, of pavement materials should be restricted within a range. Otherwise the material will be easy to produce plastic deformation and even cracking's). Analysis of the rate of E50/qu, shows it decreases when fly ash is added. Therefore, a rate E50 /qu of LA can be reduced by mixing a proper amount of fly ash.
(6) Failure strain Materials with high crack resistance are desirable as pavement materials. Pavement materials must have to withstand the strain induced by traffic loads and dry contract. Besides, pavements built on the soft foundation will cause more strain on subbase and subgrade 12). The capacity of cracking resistance can be evaluated by the failure strain, which is measured when the strength reaches the maximum value. 3) The stress analysis 
